ABSTRACT: Despite their potential applications in both medicinal chemistry and materials science, there have been limited reports on the functionalization of 2,1-borazaronaphthalenes since their discovery in 1959. To access new chemical space and build molecular complexity, the Suzuki−Miyaura cross-coupling of brominated 2,1-borazaronaphthalenes has been investigated. The palladium-catalyzed cross-coupling proceeds with an array of potassium (hetero)aryltrifluoroborates in high yield with low catalyst loadings under mild reaction conditions. By the use of a high-yielding bromination of various 2,1-borazaronaphthalenes to generate electrophilic azaborine species, a library of 3-(hetero)aryl and 3,6-diaryl-2,1-borazaronaphthalenes has been synthesized.
■ INTRODUCTION
The replacement of a CC bond with a B−N bond in an aromatic system results in azaborines, heterocycles that retain most of the aromatic character and thermal stability associated with their CC analogues. 1 Installation of the B−N bond desymmetrizes the heterocycle, allowing functionalization at various positions around the ring with complete regiochemical control. This permits access to elaborate azaborines, the corresponding carbon analogues of which cannot easily be prepared. Because B−N bonds are isoelectronic with CC double bonds, azaborines have been examined as isosteres for all-carbon aromatics in medicinal chemistry. 2 Azaborines have demonstrated antifungal activity against several different fungi 2g in addition to exhibiting antibacterial activity against Gram-negative bacteria. 2c,d Furthermore, the azaborine derivatives of ethylbenzene can bind the hydrophobic pocket of the L99A mutant of the T4 lysozyme as well as inhibit the ethylbenzene dehydrogenase (EbDH) enzyme. 2a,b Therefore, the synthesis of complex azaborines can provide access to novel drug candidates, thereby aiding the exploration of novel chemical space. 3 Additionally, the replacement of a CC bond with a B−N bond in a polycyclic aromatic hydrocarbon (PAH) decreases the HOMO−LUMO gap of the material, which often results in chemiluminescent materials. 4 Thus, in addition to their applications in medicinal chemistry, the isosteric replacement of CC with B−N has led to the synthesis of classes of compounds that serve as organic light-emitting diodes (OLEDs) 4d and organic field-effect transistors (OFETs). 4c Consequently, functionalization of azaborine cores is anticipated to provide access to new classes of compounds with potentially different and impactful photophysical properties.
The promise of azaborines in these fields led us to develop a method to synthesize the core of 2,1-borazaronaphthalene, the B−N analogue of naphthalene (eq 1). 5 2,1-Borazaronaphthalenes synthesized through this route are stable toward both strong acid (pH 2 at 37°C) and base (Cs 2 CO 3 /H 2 O at 60°C), thus demonstrating their aromatic nature. However, the synthesis of an azaborine core is only the starting point because further functionalization of these molecules allows facile access to novel, increasingly complex molecules. The method developed for accessing the core of 2,1-borazaronaphthalenes permitted the synthesis of a library of over 50 compounds with various substitutions. 5 This convergent, modular route utilized simple starting materials under mild reaction conditions to afford a highly functionalized azaborine core, allowing selective substitution around the 2,1-borazaronaphthalene system by starting from an N-or arylsubstituted 2-aminostyrene to synthesize 1-, 2-, 5-, 6-, 7-, or 8-substituted 2,1-borazaronaphthalenes. However, it was not possible to access 3-substituted-2,1-borazaronaphthalenes through this method, as the reaction between potassium phenyltrifluoroborate and (E)-2-styrylaniline did not provide any of the desired product (eq 2).
An alternative method was therefore required for substitution at the 3-position of these azaborines, and thus, a different ■ RESULTS AND DISCUSSION 2,1-Borazaronaphthalenes exhibit reactivity toward electrophilic aromatic substitution that is complementary to that of their CC counterparts because the B−N bond desymmetrizes the molecule, with different positions being activated relative to those in naphthalene. Because azaborines are generally less aromatic than their CC analogues, 1 2,1-borazaronaphthalenes are also activated toward electrophilic aromatic substitution, and in general such reactions take place under milder reaction conditions. Therefore, initial efforts were focused on the bromination of 2,1-borazaronaphthalenes through an electrophilic aromatic substitution to generate the required electrophilic partner.
The bromination and chlorination of 2-methyl-2,1-borazaronaphthalene (1) were first reported by Dewar in 1961 (eq 3). 10 To this day, these two halogenated 2,1-borazaronaphthalenes remain the only 3-substituted-2,1-borazaronaphthalenes reported in the literature. The addition of bromine to a solution of 1 in acetic acid resulted in a 60% isolated yield of the desired product. A major halogenated, deboronated side product was generated in 29% yield as a result of the harsh reaction conditions. More recently, the bromination of 1,2-dihydro-1,2-azaborine, the B−N isostere of benzene, was reported to provide the desired product in 91% yield under milder reaction conditions. 11 Utilizing these modified conditions for the bromination of 2,1-borazaronaphthalene by changing the solvent from acetic acid to dichloromethane and cooling the reaction to 0°C enabled the desired 3-bromo-2,1-borazaronaphthalenes to be easily synthesized. The rate of addition of bromine was vital to the success of the reaction: a rate of ∼1 mmol/h resulted in a high yield for many 2,1-borazaronaphthalenes, while more rapid addition of bromine caused the reaction to exotherm, resulting in decomposition of the 2,1-borazaronaphthalene. Brominations could also be carried out in a shorter period of time by conducting the reaction at −78°C.
The bromination conditions were applied to an array of 2,1-borazaronaphthalenes to access 3-bromo-2,1-borazaronaphthalenes in high yield (Table 1) . Free N-H 2,1-borazaronaphthalenes with alkyl substituents on boron were brominated in yields of up to 99% (entries 1−5). Bromination of 2-aryl-2,1-borazaronaphthalenes with either electron-withdrawing or electron-donating groups on the arene afforded the desired products in yields of 81−99% (entries 8−10, 13−17, and 19). Brominated heteroaryl-containing 2,1-borazaronaphthalenes were obtained in variable yields (entries 11, 12, and 18). Substitution on nitrogen did not interfere with the bromination, and the desired products were obtained in modest to excellent yields (entries 6, 7, and 13−19). The brominated products 2r and 2t were synthesized in lower yield as a result of the formation of side products resulting from multiple additions of bromine. Interestingly, good to excellent yields of the brominated borazines were achieved even in the presence of what might be considered to be activated arenes (entries 9, 12, 14, and 19). The extraordinary reactivity of the 2,1-borazaronaphthalene toward electrophilic aromatic substitution was further demonstrated in the cases of substrates 2g, 2m, 2n, and 2t, where the azaborine core was brominated in preference to either an allyl group 12 on nitrogen or an alkyne 13 on boron (entries 7, 13, 14, 20) .
Attempts to synthesize 2,1-borazaronaphthalenes from electron-poor 2-aminostyrenes (i.e., 2-amino-5-trifluoromethylstyrene) were unsuccessful under our developed conditions. However, N-substituted 2-aminostyrenes are suitable substrates for the synthesis of azaborines. Substitution of the all-carbon ring of the 2,1-borazaronaphthalene does not affect the bromination because the corresponding products were isolated in good yields (entries 21 and 22) .
The desired 3-bromo-2,1-borazaronaphthalenes were synthesized with aryl, heteroaryl, alkynyl, and alkyl substituents on boron. However, the presence of an alkene on boron resulted in dibromination of the alkene as the major product (eq 4).
The same result was evident in the bromination of an alkenylsubstituted arene, where addition of bromine resulted in dibromination of the alkene followed by bromination of the arene.
14 The addition of a second equivalent of bromine to the 2,1-borazaronaphthalene resulted in site-selective dibromination at the 3-and 6-positions of the 2,1-borazaronaphthalene (eq 5), providing the desired product in excellent yield and again demonstrating extraordinary complementarity to naphthalene systems in terms of both selectivity and structural diversity.
As noted previously, the isosteric replacement of CC with B−N effectively desymmetrizes the molecule and selectively activates the system for electrophilic aromatic substitution to such an extent that both the mono-and dibromination reactions proceed with complete regiochemical control. Resonance structures can be used to rationalize activation of C3 and C6, but such an analysis indicates that C8 should also be activated (Scheme 2).
This observed selectivity of electrophilic aromatic substitution at C3 and C6 was reinforced and refined by a rudimentary DFT calculation 15 analyzing the HOMO of the 2,1-borazaronaphthalene. This calculation, completed at the B3LYP/6-31G(d) level of theory, detailed the electron density of the HOMO of 2,1-borazaronaphthalene ( Figure 1 ). The increased electron density at the fused carbons (C4a and C8a) suggests that C4a should be nucleophilic. However, addition of an electrophile at C4a would break the aromaticity in both rings of the azaborine, resulting in a higher energy barrier for reaction, thereby disfavoring addition at this carbon. The carbon with the highest electron density in the HOMO is C3, with an electron density of 0.342, whereas C6 is a close second with an electron density of 0.325. The electron density of C8 is only 0.024, showing the lack of nucleophilicity of this carbon relative to C3 and C6. Similar calculations for substrates with substitution around the azaborine (i.e., 2u and 2v) show a similar trend, confirming the high reactivity at the 3-position.
Computational studies of brominated intermediates are equally informative in rationalizing the site selectivity observed. 15 A series of calculations at the B3LYP/6-31G(d) level of theory evaluated the relative energies of the intermediates formed after addition of bromine to 2-methyl-2,1-borazaronaphthalene 1 (Figure 2 ). The relative energy of the intermediate for the bromination at C3 is much lower than those at C6 and C8, explaining the first bromination at the 3-position. This calculation confirms that addition occurs first on the B−N ring because it is both less aromatic and less thermally stable than a CC ring, which in turn increases its reactivity. 16 Addition of a second equivalent of bromine results in addition to the CC ring of the 2,1-borazaronaphthalene, specifically at the 6-position, because the intermediate derived from addition at that site is ∼2 kcal/mol lower in energy than that of the C8-brominated intermediate.
The impact of the site-selective bromination can be demonstrated by comparison with the bromination of naphthalene. Unlike 2,1-borazaronaphthalenes, which undergo electrophilic aromatic substitution selectively at the 3-position, the natural site for electrophilic aromatic substitution of naphthalene is the 1-position. 17 In fact, the bromination of 2-methylnaphthalene to form 1-bromo-2-methylnaphthalene proceeds in 87% yield 18 whereas the bromination of the corresponding azaborine 1 yields 3-bromo-2-methyl-2,1-borazaronaphthalene (2a) in 99% yield, demonstrating complementary electrophilic aromatic substitutions of the CC and B−N analogues to access molecules with different substitution patterns.
Furthermore, to install a halogen at the 3-position of naphthalene requires either a directing group under harsh reaction conditions 19 or a gold-catalyzed cyclization in the presence of NIS.
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The corresponding bromination of 2,1-borazaronaphthalene is a one-step process resulting in the addition of bromine to a highly functionalized molecule. Upon the synthesis of the brominated 2,1-borazaronaphthalenes, investigations of the Suzuki−Miyaura cross-coupling reaction were conducted. 3-Bromo-2-methyl-2,1-borazaronaphthalene 2a and potassium phenyltrifluoroborate were chosen as model substrates in the reaction to synthesize 2-methyl-3-phenyl-2,1-borazaronaphthalene (3a) (eq 6).
Initially, stability tests were performed to ensure that 2,1-borazaronaphthalenes would be stable in basic media at the elevated temperatures required for the cross-coupling. Heating of the 2,1-borazaronaphthalenes at 60°C in a 1:1 THF/H 2 O solvent system with 3 equiv of Cs 2 CO 3 resulted in complete recovery of the 2,1-borazaronaphthalenes. Initial reaction conditions for the cross-coupling of phenyltrifluoroborate with the brominated azaborine 2a were determined through a limited screening process. Of the palladium sources and ligands tested in this initial screen, the (t-Bu 3 P)(aminobiphenyl) palladium chloride precatalyst (commercially available t-Bu 3 PPd-G2; Figure 3 ) was chosen for future study as it contained a relatively inexpensive phosphine ligand and demonstrated high conversion of the starting material.
Optimization continued by variation of the temperature, solvent, and catalyst loading with Cs 2 CO 3 as the base (Table 2) . With a solvent system of 1:1 dioxane/H 2 O, a reaction temperature of 40°C resulted in incomplete conversion after 18 h (entry 1); however, increasing the temperature to 60°C provided complete conversion to the desired product in 18 h (entry 2). Various solvents were then screened in this reaction. No side products were observed with any solvent, meaning the solvent affected only the rate of the reaction. Both cyclopentyl methyl ether (CPME) and dioxane afforded complete conversion to the desired product, whereas toluene and THF did not (entries 3−5). CPME was chosen as the cosolvent in the reaction because of its more favorable properties relative to dioxane. Optimization then continued with a solvent system of 1:1 CPME/H 2 O. Because of the increased temperature, decreasing the palladium loading to 1 mol % resulted in complete conversion (entry 6), but when the catalyst loading was further decreased to 0.5 mol %, starting material remained after 18 h (entry 7). The concentration of the reaction was also screened, and complete conversion was achieved with a concentration of 0.5 M (entries 8 and 9). Therefore, 1 mol % t-Bu 3 P-Pd-G2, 3 equiv of Cs 2 CO 3 , and 1:1 CPME/H 2 O at 60°C for 18 h were used as the standard cross-coupling conditions.
The general reaction conditions were applied to a representative set of potassium aryltrifluoroborates with 3-bromo-2-methyl-2,1-borazaronaphthalene as the electrophilic partner in the cross-coupling reaction (Table 3 ). To investigate the method fully, both electron-rich (entries 1−8) and electron-poor (entries 10−13) aryltrifluoroborates were examined. All of the aryltrifluoroborates utilized were successfully cross-coupled without employing an excess of the organotrifluoroborate, providing the desired 3-aryl-2,1-borazaronaphthalenes in yields of 53−98%. Aryltrifluoroborates with ortho (entry 3), meta (entries 2, 8−12, 14), and para (entries 4, 5, and 13) substitution afforded the desired products in high yield. Both 1-and 2-naphthyltrifluoroborate were successful nucleophiles in this reaction, and the products were obtained in yields of 93% and 95%, respectively (entries 6 and 7). When a disubstituted aryltrifluoroborate was subjected to the reaction, the product was synthesized in 73% yield (entry 9). The scalable nature of the cross-coupling was demonstrated by performing the reaction on a 4.5 mmol scale with 0.5 mol % t-Bu 3 P-Pd-G2, which provided the desired products in high yield (entries 1 and 2).
To expand the range of nucleophiles, 3-bromo-2-methyl-2,1-borazaronaphthalene was coupled with a variety of potassium heteroaryltrifluoroborates (Table 4) . The thienyltrifluoroborates were successfully cross-coupled, affording the desired products in yields of 84% and 86% (entries 2 and 3). Other heteroaryltrifluoroborates, including furyl and isoxazolyl, were successfully coupled, and the corresponding 3-heteroaryl-2,1-borazaronaphthalenes were synthesized in yields up to 72% Table 3 . Scope of the Cross-Coupling with Potassium Aryltrifluoroborates (entries 4 and 5). Larger heteroaryltrifluoroborates, such as 4-dibenzofuranyl-and 4-dibenzothienyltrifluoroborate, were efficient as nucleophiles in the coupling, furnishing the products in yields of 54% and 52%, respectively, after the concentration of the reaction was lowered to 0.1 M (entries 6 and 7).
To demonstrate the versatility of this method, other 3-bromo-2-alkyl-2,1-borazaronaphthalenes were synthesized and subjected to the standard cross-coupling conditions with potassium 3-methoxyphenyltrifluoroborate as the nucleophilic partner (Table 5 ). All six brominated 2,1-borazaronaphthalenes provided the desired products in good to excellent yields. Brominated N-substituted B-alkyl 2,1-borazaronaphthalenes were successful electrophiles in this cross-coupling reaction. Benzyl and allyl substituents on nitrogen did not affect the cross-coupling, providing the desired products in yields of 93%, and 83%, respectively (entries 1 and 2). The product from the cross-coupling of 3-bromo-2-(β,β,β-trifluoroethyl)-2,1-borazaronaphthalene was obtained in 67% yield, providing access to fluorinated 2,1-borazaronaphthalenes (entry 3). Secondary cyclic (cyclobutyl and cyclopropyl) and noncyclic (isopropyl) substituents on boron afforded the corresponding cross-coupled product in yields of 70%, 84%, and 77%, respectively (entries 4−6).
After viable reaction conditions for the coupling of 3-bromo-2-alkyl-2,1-borazaronaphthalenes were determined, the coupling of the corresponding 3-bromo-2-aryl-2,1-borazaronaphthalenes was investigated. Although transmetalation of the B-alkyl systems would likely never compete with those of the arylboron nucleophiles, aryl groups are much more easily transferred. Therefore, there was concern that 3-bromo-2-aryl-2,1-borazaronaphthalenes would not be stable in the cross-coupling reaction, with the potential that the B-aryl group of the azaborine could compete with the nucleophilic aryltrifluoroborate in the reaction, resulting in a mixture of products. Fortunately, subjecting 3-bromo-2-phenyl-2,1-borazaronaphthalene (2h) to the reaction conditions with 1 equiv of either potassium phenyltrifluoroborate or phenylboronic acid resulted in the desired cross-coupled product 11a in a yield of 77% or 54%, respectively (Table 6 , entry 1). On the basis of these results, the scope of the cross-coupling was analyzed with an array of potassium (hetero)aryltrifluoroborates (Table 6 ).
Aryltrifluoroborates with either para or meta substitution provided the desired product in yields of 71% and 32%, respectively (entries 2 and 3). Several heteroaryltrifluoroborates were successful nucleophiles in this coupling, such as thienyl, furyl, and isoxazolyl, affording the cross-coupled products in yields of 70%, 80%, and 88%, respectively (entries 5−7). The desired cross-coupled product was obtained in 75% yield when an N-Boc-indolyltrifluoroborate was employed as the nucleophile in the reaction (entry 8).
To demonstrate the versatility of this method, other 3-bromo-2-(hetero)aryl-2,1-borazaronaphthalenes were synthesized and subjected to the standard cross-coupling conditions with potassium 3-methoxyphenyltrifluoroborate as the nucleophilic partner (Table 7) . Two additional 3-bromo-2-aryl-2,1-borazaronaphthalenes were subjected to the cross-coupling reaction, and the corresponding products were isolated in yields of 62% and 50% (entries 1 and 2). Heteroaryl-containing 2,1-borazaronaphthalenes were also successful electrophiles for the coupling. When the electrophile was 3-bromo-2-(3-thienyl)-2,1-borazaronaphthalene, the desired product was obtained in 24% yield (entry 3). Steric hindrance of the 2,1-borazaronaphthalene can affect the success of the coupling reaction. For example, 3-bromo-2-(4-dibenzofuranyl)-2,1-borazaronaphthalene could serve as the electrophilic partner in this reaction but afforded the desired product in only 32% yield (entry 4).
After the analysis of the scope of the cross-coupling to include both B-alkyl-and B-aryl-2,1-borazaronaphthalenes, studies were directed toward accessing doubly cross-coupled products. Addition of 2 equiv of 3-methoxyphenyltrifluoroborate to 3,6-dibromo-2-methyl-2,1-borazaronaphthalene (2v) provided the desired product in 97% isolated yield (eq 7). Reaction conditions (unless otherwise noted): 1.0 equiv of 3-bromo-2-phenyl-2,1-borazaronaphthalene, 1.0 equiv of potassium (hetero)-aryltrifluoroborate, 1 mol % t-Bu 3 P-Pd-G2, 3.0 equiv of base, 1:1 CPME/H 2 O, 60°C, 18 h.
a Phenylboronic acid was utilized as the nucleophile. Table 7 . Scope of Cross-Coupling of 3-Bromo-2-(hetero)aryl-2,1-borazaronaphthalenes Unfortunately, the cross-coupling was not selective upon addition of 1 equiv of potassium aryltrifluoroborate. Therefore, to access doubly cross-coupled products utilizing different potassium (hetero)aryltrifluoroborates, the product of one cross-coupling had to be subjected to a second site-selective bromination. In the case of cross-coupling products 3a and 3b, the second bromination proceeded at the 6-position to yield 6-bromo-3-(3-methoxyphenyl)-2-methyl-2,1-borazaronaphthalene (9a) and 6-bromo-3-phenyl-2-methyl-2,1-borazaronaphthalene (9b), respectively, in moderate to good yields (eq 8).
Rather remarkably, the borazine was brominated effectively at its second most reactive site in the presence of the electronrich methoxy-substituted arene.
These brominated 2,1-borazaronaphthalenes reacted with an array of potassium (hetero)aryltrifluoroborates to provide access to highly substituted 2,1-borazaronaphthalenes (Table 8) .
A 3,5-disubstituted aryltrifluoroborate reacted with 9a to provide the cross-coupled product 10a in 86% isolated yield (entry 1). Heteroaryltrifluoroborates were also efficient nucleophiles for this reaction, as 3-thienyltrifluoroborate and 3-furyltrifluoroborate reacted with 9b to afford the desired products in 84% and 69% yield, respectively (entries 2 and 3).
The overall impact of the approaches to borazine synthesis described herein can be appreciated by comparing these tactics to those utilized for the construction of various substituted naphthalenes. For example, the most convenient synthesis of 2,3-disubstituted naphthalenes provides the symmetrical products in good to excellent yields, 21 but unsymmetrical naphthalenes would result in a mixture of products. The cross-coupling route described herein allows direct and sitespecific installation of a (hetero)aryl unit at the C3 position, thus alleviating the limitation of obtaining regioisomeric products.
In a similar scenario, the products of the cross-coupling of brominated N-substituted 2,1-borazaronaphthalenes are isosteric to 1,2,3-trisubstituted naphthalenes, whose synthesis often results in mixtures of regioisomers. 22, 23 In the case of the 2,1-borazaronaphthalenes, bromination and subsequent crosscoupling allow a library of (hetero)arylated azaborines to be synthesized with complete regiocontrol.
Lastly, the products obtained using the 3,6-diaryl-2,1-borazaronaphthalenes are isosteres of 2,3,6-trisubstituted naphthalenes. There are currently no examples of naphthalenes with this substitution pattern, 24 whereas the corresponding cross-couplings described herein allow the ready synthesis of such site-specific polysubstituted 2,1-borazaronaphthalenes in high yield.
■ CONCLUSIONS
The first general method for the Suzuki−Miyaura crosscoupling of a halogenated azaborine has been reported. 2,1-Borazaronaphthalenes undergo site-selective bromination at the 3-position, whereupon addition of a second equivalent of bromine allows access to 3,6-dibromo-2,1-borazaronaphthalenes. In this work, 26 different brominated 2,1-borazaronaphthalenes were synthesized in high yield. These brominated 2,1-borazaronaphthalenes are suitable electrophiles in the Suzuki− Miyaura cross-coupling reaction with an array of potassium (hetero)aryltrifluoroborates.
Furthermore, this cross-coupling easily builds molecular complexity within this family of azaborines. Most of the research conducted on azaborines has primarily focused on their synthesis, with limited studies of their reactivity as isosteres of the all-carbon analogues. Before this study, bromine and chlorine were the only two substituents reported at the 3-position of 2,1-borazaronaphthalene, and they were synthesized in low to moderate yields in the early 1960s. The methods described herein expand the substitution at the C3 position to include aryl and heteroaryl substituents. Most importantly, however, the protocols developed demonstrate that 2,1-borazaronaphthalenes are stable toward palladium catalysis, thereby allowing access to highly functionalized molecules and opening the door to the exploration of azaborines in other transition-metal-catalyzed reactions.
■ EXPERIMENTAL SECTION
General Considerations. t-Bu 3 P-Pd-G2 was synthesized according to the literature. 25 CPME was dried using a J. C. Meyer solvent system. Standard benchtop techniques for handling air-sensitive reagents were employed. Melting points (°C) are uncorrected. NMR spectra were recorded on a 400 or 500 MHz spectrometer.
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F NMR chemical shifts were referenced to external CFCl 3 (0.0 ppm).
11 B NMR spectra were obtained on a spectrometer equipped with the appropriate decoupling accessories. All of the 11 B NMR chemical shifts were referenced to external BF 3 ·OEt 2 (0.0 ppm), with a negative sign (10 mL) was added, and the flask was cooled to 0°C. Bromine (352 mg, 2.2 mmol, 1.1 equiv) in CH 2 Cl 2 (10 mL) was added under Ar at a rate of 1.1 mmol/h. After the addition, the reaction mixture was slowly warmed to rt. The reaction was monitored by TLC, and when it was complete (usually after warming to rt), the reaction mixture was concentrated in vacuo. The crude 2,1-borazaronaphthalene was purified by flash column chromatography with 0−30% CH 2 Cl 2 / hexane as the eluent to provide the desired 3-bromo-2,1-borazaronaphthalene.
3-Bromo-2-methyl-2,1-borazaronaphthalene (2a 11 (m, 2H), 6.93 (s, 1H), 6.73 (s, 1H), 5.31 (s,  2H), 3.89 (s, 3H), 3.67 (s, 3H), 1.01 (s, 3H) . 13 C NMR (500 MHz, CDCl 3 ) 150.3, 144.4, 140.1, 138.1, 136.2, 129.1, 127.5, 126.0, 119.7 General Procedure for the Dibromination of 2,1-Borazaronaphthalenes. To a flame-dried 100 mL round-bottom flask with a stir bar was added the corresponding 2,1-borazaronaphthalene (2.0 mmol). The flask was sealed with a rubber septum, evacuated under vacuum, and purged with Ar three times. Anhydrous CH 2 Cl 2 was added (10 mL), and the flask was cooled to 0°C. Bromine (703 mg, 4.4 mmol, 2.2 equiv) in CH 2 Cl 2 (10 mL) was added under Ar at a rate of 1.1 mmol/h. After the addition, the reaction mixture was slowly warmed to rt. The reaction was monitored by TLC, and when it was complete (usually after warming to rt), the reaction mixture was concentrated in vacuo. The crude 2,1-borazaronaphthalene was purified by flash column chromatography with 0−30% CH 2 Cl 2 /hexane as the eluent to provide the desired 3,6-dibromo-2,1-borazaronaphthalene.
3,6-Dibromo-2-methyl-2,1-borazaronaphthalene (2x). Obtained as an off-white solid (822 mg, 92%, 3 mmol scale). Mp 80−82°C. 1 [M] + 298.9117, found 298.9125. General Procedure for the Cross-Coupling of 3-Bromo-2,1-Borazaronaphthalenes. In a Biotage microwave vial equipped with a stir bar were successively introduced t-Bu 3 P-Pd-G2 (3.8 mg, 7.5 μmol, 1 mol %), potassium (hetero)aryltrifluoroborate (0.75 mmol, 1 equiv), 3-bromo-2-methyl-2,1-borazaronaphthalene (167 mg, 0.75 mmol, 1 equiv), and Cs 2 CO 3 (731 mg, 2.25 mmol, 3 equiv). The vial was sealed with a cap lined with a disposable Teflon septum, evacuated under vacuum, and purged with Ar three times. Degassed CPME (0.75 mL) and degassed H 2 O (0.75 mL) were added under Ar. The resulting mixture was heated at 60°C and stirred for 18 h. After cooling to rt, the vial was uncapped, and the reaction mixture was diluted with EtOAc (3 mL) and H 2 O (3 mL). The reaction mixture was extracted with EtOAc (3 × 3 mL) and dried (MgSO 4 ). The solvent was removed in vacuo, and the product was purified by rapid flash column chromatography on silica gel or neutral alumina using 0 to 20% CH 2 Cl 2 /hexane as the eluent for most 2,1-borazaronaphthalenes. Several heteroaryl 2,1-borazaronaphthalenes required 20−80% CH 2 Cl 2 /hexane as the eluent. The cross-couplings for Tables  5−8 were completed on a 0.5 mmol scale.
3-Phenyl-2-methyl-2,1-borazaronaphthalene (3a). Obtained as a yellow oil (161 mg, 98% 
